Parameters are proposed for measuring the sensitivity of Fraunhofer lines to the physical conditions in the solar atmosphere. The parameters are calculated based on depression response functions in the LTE approximation. The sensitivity of lines to the temperature, gas pressure, and microturbulent velocity depending on the line and atomic parameters is investigated. The greatest relative temperature sensitivity is shown by weak lines, while the greatest absolute sensitivity is displayed by moderate lines of abundant heavy atoms with low ionization and excitation potentials. The excitation potential and line strength are the crucial factors for the temperature sensitivity. The highest pressure sensitivity is observed for moderate lines of light atoms with very high excitation potentials (exceeding 6 eV), and strong photospheric lines (8 pm <W <14 pm) of heavy atoms are the most responsive to the microturbulent velocity. The sensitivity parameters can be also used to advantage for physical diagnostics of the photosphere when the temperature, pressure, and microturbulent velocity fluctuations are no more than 8%, 50%, and 100%, respectively.
Introduction
Local changes in the physical conditions in the solar atmosphere can cause substantial changes in the parameters of observed absorption lines. In such a situation, the spectral line is said to respond to the structural inhomogeneities which have appeared in the line formation region, and the stronger is the response, the more sensitive is the line to changes in the medium. Comprehensive information on the sensitivity of lines to different atmospheric parameters is essential for solving many problems in the spectrum analysis. Caccin et al. made a fundamental contribution to the problem -using the sensitivity function [3] and the sensitivity coefficients [4] , they evaluated the changes in the central depth, halfwidth, and equivalent width of several spectral lines caused by changes in the temperature and microturbulent velocity. Unfortunately, the authors have not analyzed the line sensitivity measure introduced by them, and the sensitivity coefficients did not find wide use because of apparently cumbersome calculations. When the sensitivity coefficients are calculated, a variation in a model atmosphere parameter requires that the whole model be recalculated. Besides that it is difficult to measure the line sensitivity, since the atmospheric parameters have a combined effect on the line profile and it is not simple to determine the sensitivity to one of them.
Studying the contribution and response functions, we have concluded that it is possible to determine the line sensitivity through the use of the response functions by calculating a set of sensitivity parameters. This way is much more handy as regards calculations though it also needs much machine time.
The prime objective of this study is to develop a technique for calculating the sensitivity parameters based on the response functions, investigate the sensitivity of lines to different atmospheric parameters, and find a way to separating those lines which are highly sensitive to one of the atmospheric parameters and have a low sensitivity to other parameters.
The first section describes the algorithm for calculating the sensitivity parameters for absorption lines which form under the LTE conditions; the second section presents the results for Fraunhofer lines; the third section deals with the scope for application of the sensitivity parameters to the diagnostics of the photosphere; and in conclusion we give principal inferences and recommendations for choosing the necessary lines.
2 Procedure for calculating the sensitivity parameters.
The calculation of line sensitivity parameters is based on the idea of response functions, which has been developed well enough by many authors [1, 2, 5, 14, 15] . The literature on the response functions was briefly reviewed by Demidov [6] . Recall that the response function describes the magnitude of response of a line to a local change in an atmospheric parameter at each point in the atmosphere along the line of sight. It depends on the kind of disturbance and is a function of the wavelength and optical depth. It is called the emission or the depression response function depending on whether it is calculated for an emission or a depression. The function maxima point to the region in the atmosphere where the emerging emission or depression in the line is the most sensitive to variations in the atmospheric parameters.
To estimate the sensitivity of absorption lines, we have chosen the depression response functions proposed for the first time in [13] . A variation in the observed line depression, δR, which results from a local disturbance of some atmospheric parameter is determined as [13] 
Here R = (I c −I l )/I c is the line depression; RF R,β is the response function of the depression; β is the atmospheric parameter which undergoes the disturbance δβ/β; x is the optical depth in the logarithmic scale (x = log τ 5 where τ 5 is the optical depth at the wavelength λ = 500 nm); ∆λ is the distance to the line center. If δβ/β is not zero in a thin layer δx in the atmosphere close to the depth x, the following approximate equality is true for the depression response function:
It follows from (1) and (2) that the response function defines the rate of variation in the line depression R(x, ∆λ) at every point x in the atmosphere relative to the rate of variation in the parameter β which undergoes the local disturbance δβ/β. If we integrate the response function with respect to x and divide it by the value of the "emerging" depression R(∆λ), we obtain a dimensionless quantity which is a variation in the observed depression, δR/R, relative to the local variation δβ/β. We denote this quantity by P R,β and call it the parameter, or the indicator, of the line depression sensitivity. It is calculated with the expression
As δβ/β in (1) is always taken positive, the sign of the sensitivity parameter corresponds to the sign of δR(∆λ). It should be remembered therefore: if the sensitivity parameter P R,β is positive, the depression R is growing when β increases by δβ, and if P R,β is negative, R is diminishing. By analogy with (3), we may define the sensitivity indicator for the line equivalent width:
where RF W,β is the integral response function. According to [13] , it has the form
To calculate the sensitivity parameters with (3), (4), we have first to calculate reliably the depression response functions. For the LTE photospheric lines, the expression for the depression response function proposed in [13] may be used:
where
Here µ = cos θ; k l , k c and τ l , τ c are the absorption coefficients and optical depths in the line (l) and in the continuum (c); B is the Planck function.
Since the response function depends on the kind of disturbance, i.e., on β, it is necessary to calculate the response function for each atmospheric parameter whose effect on the line profile we want to estimate. Let the temperature variation δT /T occur in the solar atmosphere, then the depression function of the response to this temperature variation, according to (6) , is
Similarly we get the expressions for the depression functions of the response to the variations in the gas pressure, δP/P ,
and in the microturbulent velocity, δV /V ,
The algorithm for calculating the sensitivity parameters of the Fraunhofer lines is based on formulae (7)- (9) . The calculation program is based on the SPANSAT program for the Fraunhofer line calculations [7] .
Calculation and analysis of sensitivity parameters
It is well known that the temperature sensitivity of a line depends on the line excitation potential, the sensitivity decreasing with increasing potential. Just this rule is commonly used by observers when they choose lines. However no investigations have thus far been carried out concerning the line sensitivity to other atmospheric parameters and the dependence of the sensitivity on the line atomic parameters such as the wavelength λ, ionization potential, atomic weight, as well as on the abundance and on the line central depth, equivalent width, and half-width. The employment of the above technique for calculating the line sensitivity parameters allowed us to elucidate the problem.
Starting data for calculations
We have chosen ten groups of lines from the line list given in [9] , so that we might deduce the dependences we are interested in. The first group contains lines of different elements with different excitation potentials from 0 to 9 eV and with central depths close to each other in the range from 0.1 to 0.2. Table 1 gives the starting data for the first-group lines; AM is the atom mass, A is the element abundance, IP is the ionization potential, EP is the excitation potential; R, ∆λ R/2 , W are the central depth, half-width, and equivalent width of the line; log τ 5,R , log τ 5,R/2 , log τ 5,W are the effective optical depths of formation of the line center, of the part of the line profile which corresponds to the half-width, and of the entire line on the average. The results of calculations for the lines in the first group permitted us to find how the line sensitivity parameters depend on the excitation potential, ionization potential, abundance, and atomic weight. The second group comprises the iron lines for finding the dependence of sensitivity parameters on the line wavelength. We have selected five lines with EP = 4 eV, R = 0.65. The remaining eight groups of lines, which include the Fe I lines only, served for determining the dependence of line sensitivity on the line central depth, half-width, and equivalent width. In each of these eight groups we selected lines with close excitation potentials, namely: 0, 1, 1.5, 2.5, 3, 3.5, 4, 5 eV, with different central depths from 0.05 to 0.8 and equivalent widths from 0.4 to 13 pm. Such a selection of lines permitted a simultaneous investigation of the dependence of line sensitivity on both the line strength and the excitation potential, excluding the effect of the ionization potential, abundance, and atomic weight; we could also obtain the sensitivity indicators for actual lines in the solar spectrum.
We used the model atmosphere HOLMU [10] in the calculations of sensitivity parameters. The data on the oscillator strengths and microturbulent velocity, which varies with height in the photosphere, were taken from [9] . The van der Waals damping constant was taken with a correction factor of 1.5. The macroturbulent velocity was ignored, since it does not enter the response function calculations. The results of calculations are shown in the figures, and the results for the lines of the first group are given also in Table 1 . The sensitivity parameters for the complete list of unblended lines [16] are likely to be published separately in tabulated form.
Temperature sensitivity of lines
We consider changes in the temperature sensitivity of lines as functions of principal atomic parameters. The calculations for lines in the first group confirm that the temperature sensitivity depends on the excitation potential. This is clearly seen in Fig. 1a , where the relation P R,T (EP ) is shown. The dependence of the temperature sensitivity on the sum of excitation and ionization potentials EP + IP is similar in general terms to the dependence of P R,T on EP . Analyzing the data in Fig. 1a and in Table 1 , we can draw the following conclusions. Lines of atoms with high abundance and large atomic weight, with low excitation and ionization potentials are the most responsive to temperature. As seen in the figure, the excitation potential of the lower level has a dominant role in the temperature sensitivity of the line. Lines with excitation potentials to 2 eV are highly responsive, while those with EP from ≈ 5.5 to ≈ 7.5 eV are the least responsive. The sensitivity increases again with a further increase of EP . It is intriguing that the sign of the temperature sensitivity parameter changes. Absorption lines of light atoms with EP ≈ 6-7 eV become stronger with growing temperature, i.e., their central depths and equivalent widths increase. It should be remarked that in this case their temperature sensitivity, while increasing, still remains low. For instance, for one and the same change in the temperature, lines with EP ≈ 10 eV change similarly to lines with EP ≈ 5.5 eV, though with the opposite sign. The wavelength dependence of the temperature sensitivity is shown in Fig. 2a . The sensitivity grows with decreasing wavelength, i.e., there is a tendency for the line temperature sensitivity to grow in the shortwave region and to diminish for longer wavelengths.
The sensitivity parameters for three line characteristics -the central depth, half-width depth, and equivalent width -differ slightly in the case of weak lines. This can be seen from Table 1 . The most temperature-sensitive is the half-width depth, less sensitive is the equivalent width, and, finally, the central depth. Now we analyze the dependence of the line sensitivity on the central depth R, equivalent width W , and half-width ∆λ R/2 . Towards this end, we have plotted the relationships P R,T -R (Fig. 3a) , P W,T -W (Fig. 3b) , and P R/2,T -∆λ R/2 (Fig. 3c) based on the calculations of sensitivity parameters for lines in eight groups. Since the sensitivity depends strongly on EP , we obtained a family of curves, each curve representing the dependence of the sensitivity parameter on R, or W , or ∆λ R/2 for a certain value of EP in accordance with the calculation results. The figures show the curves for EP = 0, 1, 3, 4, 5 eV only. As it is impossible to choose actual lines in the solar spectrum for each group with the same wavelengths, a small scatter of points can be seen in all figures, which is due to the wavelength dependence of the sensitivity parameters. It is evident from the figures that easily excited weak lines are the most temperature-sensitive. Their sensitivity decreases with increasing R and W . Strong lines with high excitation potentials have low sensitivity. The dependence of the sensitivity on the half-width indicates that lines become less sensitive with growing half-width, i.e., narrow lines are more sensitive to the temperature.
Thus, the temperature sensitivity of lines depends the most strongly on the excitation potential above all and to a lesser degree on the line strength. Using the same analysis procedure as for the temperature sensitivity, we studied the sensitivity of lines to the gas pressure and microturbulent velocity.
Sensitivity of lines to the gas pressure
A decisive role in the pressure sensitivity of lines belongs to the low excitation potential. The run of the dependence of line sensitivity to gas pressure on the excitation potential (Fig. 1b) is opposite to that of the sensitivity to temperature. Lines with EP from 0 to 5 eV have a very low sensitivity to pressure. From 0 to 2 eV, the sensitivity decreases, the central depths and equivalent widths of lines of heavy atoms slightly increasing with pressure. Beginning with 2 eV, lines with higher excitation and ionization potentials and lines belonging to less abundant and lighter atoms become more sensitive to pressure. The most pressure-sensitive lines are those with EP > 6 eV. These may be the lines of carbon, oxygen, nitrogen, as well as lines of ions. Lines of atoms in the iron group may be considered as having low sensitivity to pressure (see Fig. 1b and Table 1 ). The wavelength also affects the sensitivity of lines to pressure fluctuations. As evident from Fig. 2b , the sensitivity increases with the wavelength, i.e., the effect is opposite to the temperature sensitivity.
The pressure sensitivity depends on the line parameters in a more complicated way than the temperature sensitivity (Fig. 4) . A stronger dependence of the pressure sensitivity on λ increases the spread of points on each plot for a certain EP . The sensitivity grows at first with R and W and then diminishes. For instance, the greatest sensitivity of the central part of Fe I lines (Fig. 4a) is observed in those lines for which R = 0.4-0.6 and EP = 5 eV. When EP becomes smaller, the maximum sensitivity shifts slightly towards stronger lines. As regards the dependence of the sensitivity on W (Fig. 4b) , the pattern is the same in general. For example, the greatest sensitivity for lines with EP = 4 eV falls within the range of W from 5 to 7 pm. We can say also that the sensitivity grows at first in the main with the line half-width and then diminishes (Fig. 4c) . In contrast to the temperature sensitivity, narrow lines are less sensitive to pressure.
Thus, the greatest response to the gas pressure fluctuations is observed in moderate lines with very high excitation potentials.
Sensitivity of lines to the microturbulent velocity
The analysis of parameters of sensitivity to the microturbulent velocity (Table 1 , Figs 1c and 5) reveals that the sensitivity of lines to the microturbulent velocity depends on EP much more weakly than the temperature and pressure sensitivities. A line is most responsive in the middle part of its wing and least responsive in its central part. For the line central depth, the sensitivity to the microturbulent velocity slightly decreases with increasing EP , this effect being stronger for stronger lines. The dependence of P R,V on EP disappears at all for very strong lines. The the half-width depth, the sensitivity of weak lines remains almost the same with growing EP , but it increases for strong lines, while for the equivalent width the dependence of P W,V on EP is virtually absent. Figure 1c shows how the sensitivity depends on EP for the central depth. The atomic weight exerts strong control over the sensitivity parameter P R,V , and we may state that this effect is predominant as compared to other atomic line parameters. It is clearly seen in Fig. 1c how four line groups separate -lines of very heavy atoms (Y, Zr), heavy (Sc, Ti, V, Cr, Mn, Fe, Co, Cu, Zn, Ni), medium-heavy (Na, Mg, Al, Si), and light atoms (C, O). The heavier the atom, the higher the sensitivity of line central part to the microturbulent velocity. The atomic weight affects the sensitivity of the equivalent width to a lesser degree than the sensitivity of the line central part ( Table 1) . The sensitivity of a line to the microturbulent velocity grows with the line wavelength (Fig. 2c) . (Fig. 5a ). Lines with R ≈ 0.7 are practically insensitive in their central parts. The sensitivity of the equivalent width grows with W (Fig. 5b) , attaining its maximum at W ≈ 7 pm, and remains invariant up to W ≈ 14 pm, and after that a fall in sensitivity is evident. Figure 5c indicates that wider lines are more sensitive to the microturbulent velocity.
Thus, the sensitivity of a line to the microturbulent velocity is practically independent of atomic parameters. It is governed mainly by the line equivalent width and half-width.
The absolute line sensitivity
We have analyzed the sensitivity of lines, based on the sensitivity indicators calculated with expressions (3)-(4), which characterize a relative variation in line parameters. We call them the relative sensitivity indicators. If we multiply expressions (3), (4) by R and W , we can obtain the absolute sensitivity parameters, which characterize absolute depression variations.
We analyzed the absolute sensitivity parameters together with the relative ones. Clearly the dependence of the absolute sensitivity parameters on R and W is not the same as shown in Figs 3-5. We shall comment it briefly. If we examine how the absolute sensitivity of central intensities to variations in the atmospheric parameters T, P, and V depends on R, we find that moderate lines are the most sensitive, and not weak lines as it was for the relative sensitivity. The maximum absolute temperature sensitivity does not shift for different EP , it only grows with decreasing EP . The maximum pressure sensitivity shifts towards smaller R with increasing EP , and what is more, it grows. The maximum sensitivity to the microturbulent velocity shifts towards smaller R and diminishes with increasing EP . For the absolute sensitivity of equivalent widths, the situation is as follows. The absolute temperature sensitivity increases with W , this relationship bearing a resemblance to the curve of growth -steeper parts of the curve refer to weak and strong lines, while the flat part refers to moderately strong lines. Depending on EP , the curve splits into several curves in the region of weak and moderately strong lines. The curves for lines with low EP lie higher. The dependence of the absolute pressure sensitivity on W has a maximum for moderate lines which is more clear-cut than in Fig. 4b . The absolute sensitivity to the microturbulent velocity grows linearly with W , beginning with W = 1.5 pm. The sensitivity does not stop growing for large values of W .
What sensitivity indicators are better to use for determining line sensitivity -absolute or relative ones? This is likely to depend on the user and the specific problem. It is not difficult to pass from one indicators to other ones. One should know, however, that different lines will have the highest sensitivity (this is especially true for the temperature sensitivity) depending on what sensitivity we bear in mind -the absolute or relative one.
3.6 On the scope for application of the sensitivity parameters to the diagnostics of the photosphere
The sensitivity indicators may be also used to determine variations of atmospheric parameters with height. It has been demonstrated with model response functions [11] that the response functions may be used in the spectrum analysis with the aim to determine separately the parameters of the measured solar radiation intensity with a better resolution, even though the response to a disturbance is not always linear and adequate.
Let us consider how appropriate the sensitivity indicators proposed here are for this purpose. First of all, it is necessary to choose correctly the lines, so that deviations of physical parameters from their initial (model) values could be obtained as functions of height with the help of sensitivity parameters from the measurements of observed variations in the line depression. To this end, one has to find lines highly sensitive to a particular atmospheric parameter and at the same time only slightly sensitive to other parameters. Moreover, these lines should be formed at different heights in the photosphere. It is quite easy to find deviations (disturbances in our case) of atmospheric parameters for such a set of lines from the calculated sensitivity parameters. The accuracy of the results lies within the limits defined by the assumptions under which the response functions were derived [5] . Recall that the disturbance should be small and the LTE conditions should be met in the line formation region.
We assume also that the disturbance of an atmospheric parameter occurs throughout the region of the effective line formation. The region of formation of the effective depression extends for photospheric lines over 260-200 km on the average for the line center and 225-150 km for the line wing with R = 0.01 (from the data of [17] ). Let the magnitude of disturbance be a certain fraction of the parameter. For example, if this is 5%, then δβ = 0.05β and δβ/β = 0.05, i.e., δβ/β = const. Then it follows from (1):
Under the adopted assumptions, an relative deviation of the atmospheric parameter from its initial value can be calculated as follows:
In this case the line response δβ always depends linearly on the disturbance magnitude, and there are no difficulties with the nonlinearity and inadequacy pointed to in [11] . Now we determine the limiting values of δβ/β within which expressions (10)-(11) remain true. We calculated directly the central depths of lines using the initial HOLMU model and a set of "disturbed" HOLMU models. The following parameters were taken as independent ones for initial models (all other model parameters were calculated later with them): the geometric height H of atmospheric layers; temperature T (H); gas pressure P (H); microturbulent velocity V (H) which was approximated according to [9] : V = const = 1.08 km/s, H < 130 km; V = const = 0.55 km/s, H > 420 km; V = 0.946 + H(1.88 · 10 −3 − 6.75 · 10 −6 H) km/s, 130 km < H < 420 km.
To construct the disturbed models, we assumed that one parameter only, T for instance, varied by ∆T i = (i/100)T due to the disturbance (i is the disturbance magnitude in percent). Then the new temperature value in the disturbed model becomes T i (H) = T (H) + ∆T i (H). Other model parameters are calculated from H, T i , P, V . Tables 2-4 give the results of calculations for the variations in the depression at the line center (∆R i ) arising due to a disturbance of the model parameters T, P , and V . The first row for each line gives the values of ∆R i = R − R i obtained from direct calculations of R i for a disturbed model and R for the undisturbed one. The second row gives the values of ∆R calculated with the sensitivity parameters from (10) . The lines are selected in such a way that their parameters EP, R, P R , β be as diverse as possible. The last three rows in the Table 2 : Response of line central depths (∆R i = R − R i ) to temperature disturbance. R, R i are line depths calculated for undisturbed and disturbed models, i is disturbance magnitude in percent. tables give mean absolute values for the differences ∆ β = |∆R i − δR| separately for weak, moderate, and strong lines. The analysis of the results reveals that the magnitudes of response calculated directly (∆R i ) begin to deviate for certain values of δβ/β from the linear dependence of δR on δβ/β obtained with (10) . The quantity ∆ β just characterizes this deviation. When the initial temperature is disturbed, the quantity ∆ T increases with the magnitude of disturbance much faster than for the disturbances of the gas pressure or microturbulent velocity. The quantity ∆ T depends on the excitation potential and line strength, reaching its lowest value for moderate lines with large EP . It is evident from Table 2 that the sensitivity parameters may be used for the diagnostics of the solar photosphere when the observed variation δR is no more than R/2 and the disturbance magnitude is no more than 8% (≈ 400 K). There must be no disturbance inversion in the line formation region in this case.
We have somewhat another picture for the gas pressure disturbance. The sensitivity of lines to changes in P is much smaller, and the quantities ∆ P are small, and therefore the sensitivity parameters may be used with confidence for estimating δR or δP when the pressure disturbance is 30% or more. The quantities ∆ V for central depths are insignificant at the microturbulent velocity disturbances up to 50%. For equivalent widths, ∆ V becomes more significant, being greater for stronger lines. The deviations for strong lines attain 0.13 pm when V increases by 100%.
If δβ/β depends on height or the disturbance is localized in regions much smaller than the region of formation of the absorption line, the inverse problem cannot be solved, i.e., the quantity δβ/β cannot be determined from the observed δR/R with (11) . Formulae (1), (2) should be used in this case. Now we dwell on the determination of the height where the effective response to the line depression variations occurs, resulting from an atmospheric parameter disturbance. This is easy to do with the response functions. One has to find the height at which the center of gravity of the integrand in (1) lies. We have done such calculations for the lines given in Tables 2-4 , with the results shown in Table 5 , where h R,β and h W,β are the heights of the effective response to variations in T , P , and V of the line center depression and equivalent width calculated from the depression response functions; h R and h W are the heights of effective formation of depression at the line center and for the line as a whole, they are calculated from the depression contribution functions. The heights h R and h R,β , as well as h W and h W,β are obviously different. To find lines which are the most sensitive to one atmospheric parameter and at the same time have low sensitivity to other parameters, we calculated and compared the relative variations of line parameters, ∆R/R, ∆W/W , ∆R ∆λ R/2 /(R/2), rather than sensitivity indicators, for actually observed fluctuations in the temperature (2%), gas pressure (30%), and microturbulent velocity (50%). This way proved to be appropriate for finding the necessary lines. Here we give as an example the wavelengths of typical highly sensitive lines in respect to their relative sensitivity. Analyzing the starting data of these lines and the calculated values of ∆R/R, ∆W/W , ∆R ∆λ R/2 /(R/2), we can conclude that the most responsive to temperature are the lines with excitation potentials from 0 to 2 eV, central depths up to 0.35, equivalent widths to 3 pm. Relative variations of the equivalent widths of these lines are 25-30% when the temperature changes by 2%, while they are 2-7% when the gas pressure changes by 30% and microturbulent velocity by 50%. Moderate-strong lines of light atoms with EP ≥ 6 eV are highly responsive to gas pressure. For them, ∆W/W is as much as 25-48% when P changes by 30% and is only 2-6% when T changes by 2% and V by 50%. The equivalent widths and half-width depths of strong lines of heavy atoms with W ≈ 8-12 pm and ∆λ R/2 ≈ 4-6 pm are very sensitive to the microturbulent velocity. For these lines, ∆W/W amounts to 11-18% and ∆(R/2)/(R/2) runs as high as 45-70% when V changes by 50%, and it is 2% when P changes by 30% and T by 2%.
Conclusion
As we could make sure, the sensitivity of every line depends on numerous atom and line parameters as well as on the model atmosphere parameters. It is measured by a diversity of sensitivity indicators with which it is possible to determine the atmospheric parameter producing the strongest response of the line and to estimate the magnitude of the response. It should be taken into consideration which sensitivity, the absolute or relative one, is more suitable for the particular problem. Our calculations reveal that the lines which form under the LTE conditions in the solar atmosphere are the most responsive to temperature variations. Evidence of this is found, for example, in the values of parameters of relative sensitivity to temperature, gas pressure, and microturbulent velocity which attain 15, 1.5, 1.5, respectively (see Table 1 ). Even minor temperature fluctuations, of the order of 1%, can be observed in the most responsive lines. Fluctuations in the density of matter or in the gas pressure as well as variations in the microturbulent velocity change the line only slightly as compared to temperature. Using the lines most responsive to the gas pressure, it is possible to detect only 10-15% fluctuations of the pressure in the line formation region. Variations in the microturbulent velocity can be measured from variations in the half-widths and equivalent widths of highly sensitive lines if ∆V /V is about 30%.
Direct calculations of the response of line depression to variations in atmospheric parameters for disturbed and undisturbed model atmospheres, confirm that the sensitivity indicators can be used for the solar atmosphere diagnostics in those cases when fluctuations in T , P , and V do not exceed 8%, 50%, and 100%, respectively.
It is better to use the response functions themselves when fine spectral analysis problems are solved. A detailed analysis of the shape of response functions can give an additional valuable inftyormation. The results of our analysis show that the sensitivity indicators proposed for measuring the Fraunhofer line response do not lack a physical meaning. We think it reasonable to include the sensitivity parameters in the initial data for spectral lines together with the central depth, equivalent width, and other principal characteristics when the data bases such as "The Fraunhofer Spectrum" [8] are compiled.
